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1
ADDITIVE, ELECTROLYTE FOR
RECHARGEABLE LITHIUM BATTERY AND
RECHARGEABLE LITHIUM BATTERY

CROSS-REFERENCE TO RELATED
APPLICATION

Korean Patent Application No. 10-2020-0107152, filed on
Aug. 25, 2020, in the Korean Intellectual Property Office,
and entitled: “Additive, Electrolyte for Rechargeable
Lithium Battery and Rechargeable Lithium Battery,” is
incorporated by reference herein in its entirety.

BACKGROUND OF THE INVENTION

1. Field

Embodiments relate to an additive, an electrolyte for a
rechargeable lithium battery, and a rechargeable lithium
battery.

2. Description of the Related Art

A rechargeable lithium battery may be recharged and has
three or more times as high energy density per unit weight
as a lead storage battery, nickel-cadmium battery, nickel
hydrogen battery, nickel zinc battery, or the like. It may be
also charged at a high rate and thus, may be commercially
manufactured for a laptop, a cell phone, an electric tool, an
electric bike, or the like, and research on improvement of
additional energy density have been actively made.

Such a rechargeable lithium battery may be manufactured
by injecting an electrolyte into a battery cell, which includes
a positive electrode including a positive active material
capable of intercalating/deintercalating lithium ions and a
negative electrode including a negative active material
capable of intercalating/deintercalating lithium ions.

SUMMARY

The embodiments may be realized by providing an addi-
tive represented by Chemical Formula 1 or Chemical For-
mula 2:

[Chemical Formula 1]
R'—0O O 0—R3
\// 1 2
pP—O0—L'—S—S—1"—0—FP
L/ /N,
RF—0O O O—R
[Chemical Formula 2]
R5—0O O—R’
P—O0—L3—S—S—IL*—0—FP
R6—O O0—R®

wherein, in Chemical Formula 1 and Chemical Formula 2,
R! to R® are each independently a substituted or unsubsti-
tuted C1 to C10 alkyl group, a substituted or unsubstituted
C2 to C10 alkenyl group, a substituted or unsubstituted C3
to C10 cycloalkyl group, a substituted or unsubstituted C3 to
C10 cycloalkenyl group, a substituted or unsubstituted C2 to
C10 alkynyl group, a substituted or unsubstituted C3 to C10
cycloalkynyl group, or a substituted or unsubstituted C6 to
C20 aryl group, R* to R® are separately present, or at least
one pair of R* and R%; R® and R*; R® and RS; and R” and R®

10

15

20

25

30

35

40

45

50

60

2

are linked to each other to provide a substituted or unsub-
stituted monocyclic aliphatic heterocycle, a substituted or
unsubstituted polycyclic aliphatic heterocycle, a substituted
or unsubstituted monocyclic aromatic heterocycle, or a
substituted or unsubstituted polycyclic aromatic hetero-
cycle, and L' to L* are each independently a substituted or
unsubstituted C1 to C20 alkylene group.

The additive may be represented by Chemical Formula 1,
Chemical Formula 1 may be represented by Chemical
Formula 1A or Chemical Formula 1B:

[Chemical Formula 1A]

RM RIS R23 p#
R!3 R2S
O
n3 )
R“ RIZ\// R2I p22
Rl6 g7 P—O—L!'—8—8§—12—0—P  p26 R27
@)
O (@]
( n2 nd )
RI8 R3O
RI® R20 R28 R2°

in Chemical Formula 1A, R to R* may be each inde-
pendently hydrogen, a halogen, or a substituted or unsub-
stituted C1 to C10 alkyl group, nl to n4 may be each
independently an integer of O to 4, and L' and L> may be
each independently a substituted or unsubstituted C1 to C20
alkylene group;

[Chemical Formula 1B]

0,
o—Ll—s—s—LZ—o—//P< > 32

O
AN
AN O/

in Chemical Formula 1B, R*' and R*? may be each
independently a substituted or unsubstituted C2 to C10
alkylene group, and L' and L? may be each independently a
substituted or unsubstituted C1 to C20 alkylene group.

The additive may be represented by Chemical Formula
1B, Chemical Formula 1B may be represented by Chemical
Formula 1B-I or Chemical Formula 1B-II:

[Chemical Formula 1B-I]

Q102 Rl01 RI0S R106
o 0 O
103 \ // 1 2 / 107
R /P—O—L —S—S—1L"—0— / \ R
RI04 (6] RI108
[Chemical Formula 1B-II]
RI10 R109 RIS
R o o o RI6
\/ /
R!2 P—0—L!'—§—8§—12—0—FP R
RI3 o O// \O RIS
R4 RI20R11

in Chemical Formula 1B-I and Chemical Formula 1B-II,
R™! to R*?° may be each independently hydrogen, a halo-
gen, or a substituted or unsubstituted C1 to C10 alkyl group,
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and L' and L?> may be each independently a substituted or
unsubstituted C1 to C20 alkylene group.

The additive is represented by Chemical Formula 2,
Chemical Formula 2 may be represented by Chemical
Formula 2A or Chemical Formula 2B:

[Chemical Formula 2A]

R35 R37 R45 R46
R35 R47
n7 )
R33 R34\ // R¥ p#4
R p¥® P—O—L*—8—8§—I*—0—FP Rg# g%
O o
( nGO n8 )
R4 R52
R4 R#2 R0 RSL

in Chemical Formula 2A, R*? to R*? may be each inde-
pendently hydrogen, a halogen, or a substituted or unsub-
stituted C1 to C10 alkyl group, n5 to n8 may be each
independently an integer of 0 to 4, and L*> and L* may be
each independently a substituted or unsubstituted C1 to C20
alkylene group;

[Chemical Formula 2B]

o /o\
Ri /P—O—L3—S—S—L4—O—P\ /R54
O O

in Chemical Formula 2B, R** and R®* may be each
independently a substituted or unsubstituted C2 to C10
alkylene group, and L* and L* may be each independently a
substituted or unsubstituted C1 to C20 alkylene group.

The additive may be represented by Chemical Formula
2B, Chemical Formula 2B may be represented by Chemical
Formula 2B-I or Chemical Formula 2B-II:

[Chemical Formula 2B-I]
Ri22 R R12 Ri26
0] O
RIZ P—O0—1*—S—S—I1*—0—FP R!Z7
RI24 (6] (6] RI28
[Chemical Formula 2B-1I]
RI30 R129 RI3S
RI31 o o RI36
RI%2 P—O0—1}—§—§—I1*—0—FP RI37
RI33 o 0 RI38
RI34 RI40 R139

wherein, in Chemical Formula 2B-I and Chemical For-
mula 2B-1I, R*?! to R'*° may be each independently hydro-
gen, a halogen, or a substituted or unsubstituted C1 to C10
alkyl group, and L? and L* may be each independently a
substituted or unsubstituted C1 to C20 alkylene group.

The additive may be represented by Chemical Formula
1B-I-1 or Chemical Formula 2B-I-1:
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[Chemical Formula 1B-I-1]
RIS 6
R
1o RI o RMI 142 RI145 Q146 ({\ /O
O\ I S O—P RI07
R P—O s
(6] R108
RIO o RI43 R 144 RI47 R 148
[Chemical Formula 2B-I-1]
RIZS
RI2 RI2! RI49 R150 RIS3 RIS 0 R
@)
S 0—FP R!Z7
RIZ P—O s \
(6] RI28
RIZ o RISIRI52 RI55 R156

in Chemical Formula 1B-I-1 and Chemical Formula 2B-I-
1, R to R'°8 R'?! to and R to R'*® may be each
independently hydrogen, a halogen, or a substituted or
unsubstituted C1 to C10 alkyl group.

The embodiments may be realized by providing an elec-
trolyte for a rechargeable lithium battery, the electrolyte
including a non-aqueous organic solvent, a lithium salt, and
the additive according to an embodiment.

The additive may be included in an amount of about 0.1
wt % to about 10 wt %, based on a total weight of the
electrolyte for a rechargeable lithium battery.

The embodiments may be realized by providing a
rechargeable lithium battery including a positive electrode
including a positive active material; a negative electrode
including a negative active material; and the electrolyte
according to an embodiment.

The positive active material may be represented by
Chemical Formula 5:

LiM' M’ M0, [Chemical Formula 5]

in Chemical Formula 5, 0.5=x<1.8, O=<y=1, O=z=1, O<y+
z<1, and M*, M?, and M> may be each independently Ni, Co,
Mn, Al, Sr, Mg, La, or a combination thereof.

The positive active material may be a lithium composite
oxide represented by Chemical Formula 5-1, Chemical
Formula 5-2, or Chemical Formula 5-3:

LiyyNiy, Co, Al 110, [Chemical Formula 5-1]

in Chemical Formula 5-1, 1=x1=<1.2, O<yl<l, and
O<zl<1,
Li,oNipConoMny s 50, [Chemical Formula 5-2]
in Chemical Formula 5-2, 1=x2<1.2, 0O<y2<l, and
0<z2<1,
Li3Co0, [Chemical Formula 5-3]
in Chemical Formula 5-3, 0.5<x3<1.

BRIEF DESCRIPTION OF THE DRAWINGS

Features will be apparent to those of skill in the art by
describing in detail exemplary embodiments with reference
to the attached drawings in which:

FIG. 1 is an exploded perspective view showing a
rechargeable lithium battery according to an embodiment of
the present disclosure.

FIG. 2 is a graph showing an operation time of a CID
(Current Interrupt Device) of a rechargeable lithium battery
cells according to Examples 1, 2, and 4 and Comparative
Example 1.
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FIG. 3 is a graph showing a resistance increase rate after
measuring DC-internal resistance after leaving the recharge-
able lithium battery cells according to Examples 1 and 6 and
Comparative Examples 2 and 3 at 60° C. for 30 days.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art.

In the drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred
to as being “on” another layer or element, it can be directly
on the other layer or element, or intervening layers may also
be present. In addition, it will also be understood that when
a layer is referred to as being “between” two layers, it can
be the only layer between the two layers, or one or more
intervening layers may also be present. Like reference
numerals refer to like elements throughout.

As used herein, when a definition is not otherwise pro-
vided, the term “substituted” refers to that a hydrogen atom
in a compound is replaced by a substituent other than
hydrogen.

In some embodiments, the term “‘substituted” refers to
replacement of a hydrogen atom of a compound by a
substituent selected from, for example, a halogen atom (F,
Br, Cl, and/or 1), a hydroxy group, an alkoxy group, a nitro
group, a cyano group, an amino group, an azido group, an
amidino group, a hydrazino group, a hydrazono group, a
carbonyl group, a carbamyl group, a thiol group, an ester
group, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid or a salt thereof,
a C1 to C20 alkyl group, a C2 to C20 alkenyl group, a C2
to C20 alkynyl group, a C6 to C30 aryl group, a C7 to C30
arylalkyl group, a C1 to C4 alkoxy group, a C1 to C20
heteroalkyl group, a C3 to C20 heteroarylalkyl group, a C3
to C30 cycloalkyl group, a C3 to C15 cycloalkenyl group, a
C6 to C15 cycloalkynyl group, a C2 to C20 heterocycloalkyl
group, and a combination thereof.

A rechargeable lithium battery may be classified into a
lithium ion battery, a lithium ion polymer battery, and a
lithium polymer battery depending on kinds of a separator
and an electrolyte. It also may be classified to be cylindrical,
prismatic, coin-type, pouch-type, and the like depending on
shape. In addition, it may be bulk type and thin film type
depending on sizes.

Herein, as an example of a rechargeable lithium battery,
a cylindrical rechargeable lithium battery is described. FIG.
1 schematically shows the structure of a rechargeable
lithium battery according to an embodiment. Referring to
FIG. 1, a rechargeable lithium battery 100 according to an
embodiment may include a battery cell including a positive
electrode 114, a negative electrode 112 facing to the positive
electrode 114, and a separator 113 between the positive
electrode 114 and the negative electrode 112, an electrolyte
impregnating the positive electrode 114, the negative elec-
trode 112 and the separator 113, a battery container 120
housing the battery cell, and a sealing member 140 for
sealing the container 120.

Hereinafter, an additive according to an embodiment will
be described.
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The additive according to an embodiment of the present
disclosure may be, e.g., represented by Chemical Formula 1
or Chemical Formula 2.

[Chemical Formula 1]

R'—0 0O 0—R3
\P//—O—LI—S—S—LZ—O—P
R?—0 o// \o R*
[Chemical Formula 2]
R*—0O 0O—R’
P—O0—L3—§—8§—L*—0—FP
R6*—0O O0—RS$

In Chemical Formula 1 and Chemical Formula 2, R* to R®
may each independently be or include, e.g., a substituted or
unsubstituted C1 to C10 alkyl group, a substituted or unsub-
stituted C2 to C10 alkenyl group, a substituted or unsubsti-
tuted C3 to C10 cycloalkyl group, a substituted or unsub-
stituted C3 to C10 cycloalkenyl group, a substituted or
unsubstituted C2 to C10 alkynyl group, a substituted or
unsubstituted C3 to C10 cycloalkynyl group, or a substituted
or unsubstituted C6 to C20 aryl group. As used herein, the
term “or” is not an exclusive term, e.g., “A or B” would
include A, B, or A and B.

In an implementation, R! to R® may be independently or
separately present, or at least one pair of R* and R?; R? and
R* R® and RS and R7 and R® may be linked to each other
to provide, e.g., a substituted or unsubstituted monocyclic
aliphatic heterocycle, a substituted or unsubstituted mono-
cyclic aliphatic heterocycle, a substituted or unsubstituted
monocyclic aromatic heterocycle, or a substituted or unsub-
stituted polycyclic aromatic heterocycle.

L' to L* may each independently be or include, e.g., a
substituted or unsubstituted C1 to C20 alkylene group.

The additive according to an embodiment of the present
disclosure may be a bisphosphate compound or a bisphos-
phite compound, and may have a structure linked by a
disulfide linker.

These bisphosphate compounds and bisphosphite com-
pounds may be decomposed into two phosphate compounds
or two phosphite compounds centered on a disulfide linker.

These compounds may form a film on a positive electrode
and a negative electrode, and thus an increase in resistance
in the film during high temperature storage may be sup-
pressed and film stability may be improved to help enhance
high temperature cycle-life and thermal safety characteris-
tics.

In an implementation, the additive may be represented by,
e.g., Chemical Formula 1A or Chemical Formula 1B.

[Chemical Formula 1A]

R4 RIS R23 p#
R!3 R2S
¢}
n3 )
R“ RIZ\// R2I p22
Rl6 g7 P—O —LI—S—S—LZ—O—/P R26 R
O
o ¢}
( n2 nd )
RIS R3O
RI9 R20 R28 R2°
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In Chemical Formula 1A, R to R*® may each indepen-
dently be, e.g., hydrogen, a halogen, or a substituted or
unsubstituted C1 to C10 alkyl group.

nl to n4 may each independently be, e.g., an integer of O
to 4.

or unsubstituted C1 to C20 alkylene group.

[Chemical Formula 1B]

S

R¥  P—O—L!'-§—S—1?-0—P

o o// \o/

O,

7\

R32

In Chemical Formula 1B, R*' and R*2 may each indepen-
dently be, e.g., a substituted or unsubstituted C2 to C10
alkylene group.

5
L' and L? may each independently be, e.g., a substituted

10

15

L' and L? may each independently be, e.g., a substituted 2

or unsubstituted C1 to C20 alkylene group.

In an implementation, R'* to R*° may each independently
be, e.g., hydrogen, a halogen, or a substituted or unsubsti-
tuted C1 to CS5 alkyl group, nl to n4 may each independently
be, e.g., an integer of 0 to 3, and L' and L* may each
independently be, e.g., a substituted or unsubstituted C2 to
C20 alkylene group.

In an implementation, R'* to R*° may each independently
be, e.g., hydrogen, a halogen or a substituted or unsubsti-
tuted C1 to C3 alkyl group, nl to n4 may each independently
be, e.g., an integer of 0 to 2, and L' and L* may each
independently be, e.g., a substituted or unsubstituted C2 to
C10 alkylene group.

In an implementation, R*' and R** may each indepen-
dently be, e.g., a substituted or unsubstituted C2 to CS5

alkylene group, and L' and L? may each independently be, 3

e.g., a substituted or unsubstituted C2 to C20 alkylene
group.

In an implementation, R*' and R** may each indepen-
dently be, e.g., a substituted or unsubstituted C2 to C4
alkylene group, and L' and L? may each independently be,
e.g., a substituted or unsubstituted C2 to C10 alkylene
group.

In an implementation, Chemical Formula 1B may be

represented by, e.g., Chemical Formula 1B-I or Chemical .

Formula 1B-II.

[Chemical Formula 1B-I]

Rl01 R105
102 106
R o O 0 R
103 A 1 2 107
R P—O0—L'—S—S§—1*"—0—FP R
/ 7\
RI04 9} o O RI108
[Chemical Formula 1B-II]
RI10 R109 RIS
R o /O 0 RI6
R!12 P—O0—L'—§—§—1?—0—FP R
RII3 o O// \O RIS
R4 RI20 Q19

In Chemical Formula 1B-I and Chemical Formula 1B-II,
R'! to R'*° may each independently be, e.g., hydrogen, a
halogen, or a substituted or unsubstituted C1 to C10 alkyl
group.

N
=3
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L' and L? may be defined the same as described above.

In an implementation, R*°! to R**° may each indepen-
dently be, e.g., hydrogen, a halogen, or a substituted or
unsubstituted C1 to CS5 alkyl group.

In an implementation, R'°* to R'**° may each be hydrogen.

In an implementation, the additive may be represented by,
e.g., Chemical Formula 2A or Chemical Formula 2B.

[Chemical Formula 2A]
R3S R R4S R4S
R3S RY
@]
5 n7
R® 1234 / R4 R¥
pP—0—13—S§—S§—I1*—0—FP
R R¥ / \R“8 R¥
( nGO 00— )
R* R
RY R%2 R0 RS!

In Chemical Formula 2A, R* to R** may each indepen-
dently be, e.g., hydrogen, a halogen, or a substituted or
unsubstituted C1 to C10 alkyl group.

n5 to n8 may each independently be, e.g., an integer of 0
to 4.

L? and L* may each independently be, e.g., a substituted
or unsubstituted C1 to C20 alkylene group.

[Chemical Formula 2B]
O, O,

7\ /' N\
R P—O0—13—§—S—I14-0—FP R*
Ny N\

In Chemical Formula 2B, R*>? and R>** may each indepen-
dently be, e.g., a substituted or unsubstituted C2 to C10
alkylene group.

L? and L* may each independently be, e.g., a substituted
or unsubstituted C1 to C20 alkylene group.

In an implementation, R** to R>* may each independently
be, e.g., hydrogen, a halogen, or a substituted or unsubsti-

5 tuted C1 to C5 alkyl group, n5 to n8 may each independently

be, e.g., an integer of 0 to 3, and L> and L* may each
independently be, e.g., a substituted or unsubstituted C2 to
C20 alkylene group.

In an implementation, R** to R*>* may each independently
be, e.g., hydrogen, a halogen or a substituted or unsubsti-
tuted C1 to C3 alkyl group, n5 to n8 may each independently
be, e.g., an integer of 0 to 2, and L*> and L* may each
independently be, e.g., a substituted or unsubstituted C2 to
C10 alkylene group.

In an implementation, R* and R>** may each indepen-
dently be, e.g., a substituted or unsubstituted C2 to CS5
alkylene group and L* and L* may each independently be,
e.g., a substituted or unsubstituted C2 to C20 alkylene
group.

In an implementation, R* and R>** may each indepen-
dently be, e.g., a substituted or unsubstituted C2 to C4
alkylene group and L* and L* may each independently be,
e.g., a substituted or unsubstituted C2 to C10 alkylene
group.

In an implementation, Chemical Formula 2B may be
represented by, e.g., Chemical Formula 2B-I or Chemical
Formula 2B-II.



US 12,218,308 B2

9
[Chemical Formula 2B-I]
RI2! RI25
RI22 o o RI26
R!Z \P—O—L3—S—S—L4—O—P R
RI24 9} O RI28
[Chemical Formula 2B-1I]
RI30 R129 RI3S
RI31 o o RI36
RI%2 P—0—L*—§—S—L*~0—P R
RI33 o 0O RI38
R34 RI40 R139

In Chemical Formula 2B-I and Chemical Formula 2B-II,
R'?! to R*° may each independently be, e.g., hydrogen, a
halogen, or a substituted or unsubstituted C1 to C10 alkyl
group.

L? and L* may be defined the same as described above.

In an implementation, R*** to R**° may each indepen-
dently be, e.g., hydrogen, a halogen, or a substituted or
unsubstituted C1 to CS5 alkyl group.

In an implementation, R*?! to R**° may each be hydrogen.

In an implementation, the additive may be represented by,
e.g., Chemical Formula 1B-I-1 or Chemical Formula 2B-I-1.

[Chemical Formula 1B-I-1]

R10S
RI0t 141 142 145 146 0 R106
Rl o R™R R*™R 1 0
iO\” S o—¥ RI7
RI® P—O ] \
(6] 108
RI O/ RI43 Rls4 RI47 R 148 R
[Chemical Formula 2B-1-1]
RI25
121 149 1 150 153 154 126
RI2 R o KR RIS R ye R
Hio\ i >$< S >$<O—P\ RIZ7
R P—O S
(6] 128
RI2 O/ RISIRIS2 RI5S RIS6 R

In Chemical Formula 1B-I-1 and Chemical Formula 2B-I-
1, R*! to R'%%, R'?! to R*?®%, and R'* to R'* may each
independently be, e.g., hydrogen, a halogen, or a substituted
or unsubstituted C1 to C10 alkyl group.

L? and L* may be defined the same as described above.

In an implementation, R'°* to R'°%, R*?! to R**®* and R**
to R'*% may each independently be, e.g., hydrogen, a halo-
gen, or a substituted or unsubstituted C1 to C5 alkyl group.

In an implementation, R'°* to R**®, R*?* to R**#, and R'*!
to R'*® may each be hydrogen.

The additive according to an embodiment of the present
disclosure may be synthesized by a suitable method, and
may be synthesized including a process modified to a degree
that can be changed as desired.

In an implementation, a process of treating with a basic
substance may be included in the process of synthesizing the
additive, and in this case, the basic substance may be used
by changing materials usable as a basic substance as well as
an amine compound. In an implementation, triethylamine,
1,8-diazabicyclo[ 5,4,0]Jundec-7-ene (DBU), imidazole, dim-
ethylaminopyridine, 1,4-diazabicyclo[2.2.2]octane
(DABCO), or diethylpropylamine may be used.
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The electrolyte for a rechargeable lithium battery accord-
ing to another embodiment of the present disclosure may
include a non-aqueous organic solvent, a lithium salt, and
the aforementioned additive.

The additive may be included in an amount of about 0.1
wt % to about 10 wt %, e.g., 0.1 wt % to 5.0 wt %, or 0.1
wt % to 3.0 wt %, based on the total weight of the electrolyte
for a rechargeable lithium battery.

When the content range of the additive is as described
above, a resistance increase at high temperatures may be
prevented, to provide a rechargeable lithium battery with
improved cycle-life characteristics.

When the content of the additive is less than about 0.1 wt
%, high-temperature storage characteristics may be deterio-
rated, and when it exceeds about 10 wt %, cycle-life may be
decreased due to an increase in interface resistance.

The non-aqueous organic solvent may serve as a medium
for transmitting ions taking part in the electrochemical
reaction of a battery.

The non-aqueous organic solvent may be a carbonate,
ester, ether, ketone, alcohol, or aprotic solvent.

The carbonate solvent may include dimethyl carbonate
(DMCQC), diethyl carbonate (DEC), dipropyl carbonate
(DPC), methylpropyl carbonate (MPC), ethylpropyl carbon-
ate (EPC), methylethyl carbonate (MEC), ethylene carbon-
ate (EC), propylene carbonate (PC), butylene carbonate
(BC), and the like. The ester solvent may include methyl
acetate, ethyl acetate, n-propyl acetate, t-butyl acetate, dim-
ethylacetate, methylpropionate, ethylpropionate, propylpro-
pionate, decanolide, mevalonolactone, caprolactone, and the
like. The ether solvent may include dibutyl ether, tetraglyme,
diglyme, dimethoxyethane, 2-methyltetrahydrofuran, tetra-
hydrofuran, and the like. In addition, the ketone solvent may
include cyclohexanone, and the like. The alcohol solvent
may include ethanol, isopropyl alcohol, and the like. The
aprotic solvent may include nitriles such as R—CN (wherein
R is a hydrocarbon group having a C2 to C20 linear,
branched, or cyclic structure and may include a double bond,
an aromatic ring, or an ether bond), and the like, dioxolanes
such as 1,3-dioxolane, and the like, sulfolanes, and the like.

The non-aqueous organic solvent may be used alone or in
a mixture of two or more. When the non-aqueous organic
solvent is used in a mixture, the mixture ratio may be
controlled in accordance with a desirable battery perfor-
mance.

In an implementation, the carbonate solvent may be
prepared by mixing a cyclic carbonate and a linear carbon-
ate. When the cyclic carbonate and linear carbonate are
mixed together in a volume ratio of about 1:1 to about 1:9,
an electrolyte performance may be improved.

The non-aqueous organic solvent may further include an
aromatic hydrocarbon organic solvent in addition to the
carbonate solvent. In an implementation, the carbonate
solvent and the aromatic hydrocarbon organic solvent may
be mixed in a volume ratio of about 1:1 to about 30:1.

The aromatic hydrocarbon organic solvent may be an
aromatic hydrocarbon compound of Chemical Formula 3.

[Chemical Formula 3]
RZOI

R206 R202

R205 R203

R204
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In Chemical Formula 3, R**! to R*°S may each indepen-
dently be, e.g., hydrogen, a halogen, a C1 to C10 alkyl
group, a haloalkyl group, or a combination thereof.

Examples of the aromatic hydrocarbon organic solvent
may include benzene, fluorobenzene, 1,2-difluorobenzene,
1,3-difluorobenzene, 1,4-difluorobenzene, 1,2,3-trifluo-
robenzene, 1,2,4-trifluorobenzene, chlorobenzene, 1,2-di-
chlorobenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene,
1,2,3-trichlorobenzene, 1,2,4-trichlorobenzene, iodoben-
zene, 1,2-diiodobenzene, 1,3-diiodobenzene, 1,4-diiodoben-
zene, 1,23-triiodobenzene, 1,2,4-triitodobenzene, toluene,
fluorotoluene, 2,3-difluorotoluene, 2,4-difluorotoluene, 2,5-
difluorotoluene, 2,3,4-trifluorotoluene, 2,3,5-trifluorotolu-
ene, chlorotoluene, 2,3-dichlorotoluene, 2,4-dichlorotolu-
ene, 2,5-dichlorotoluene, 2,3,4-trichlorotoluene, 2,3,5-
trichlorotoluene, iodotoluene, 2,3-diiodotoluene, 2.4-
diiodotoluene, 2,5-diiodotoluene, 2,3,4-triiodotoluene, 2,3,
S-triiodotoluene, xylene, and a combination thereof.

The electrolyte may further include vinylene carbonate or
an ethylene carbonate compound represented by Chemical
Formula 4 in order to help improve cycle-life of a battery.

[Chemical Formula 4]
e}

A

O (6]

R207 R208

In Chemical Formula 4, R**7 and R?°® may each inde-
pendently be, e.g., hydrogen, a halogen, a cyano group (CN),
a nitro group (NO,), or a fluorinated C1 to C5 alkyl group.
In an implementation, at least one of R*°7 and R*°® may be
a halogen, a cyano group (CN), a nitro group (NO,), or a
fluorinated C1 to C5 alkyl group and R*°7 and R*°® may not
simultaneously be hydrogen.

Examples of the ethylene carbonate compound may
include difluoroethylene carbonate, chloroethylene carbon-
ate, dichloroethylene carbonate, bromoethylene carbonate,
dibromoethylene carbonate, nitroethylene carbonate, cyano-
ethylene carbonate, or fluoroethylene carbonate. The amount
of the additive for improving cycle-life may be used within
an appropriate range.

The lithium salt dissolved in the non-organic solvent may
supply lithium ions in a battery, enables a basic operation of
a rechargeable lithium battery, and improves transportation
of' the lithium ions between positive and negative electrodes.
Examples of the lithium salt may include LiPF,, LiBF,,
LiDFOP, LiDFOB, LiPO,F,, LiSbF,, LiAsF,, LiN
(SO,C,F5),, Li(CF480,),N, LIN(SO,C,F;),, Li(FSO,),N
(lithium  bis(fluorosulfonyl)imide: LiFSI), LiC,F,SO;,
LiClO,, LiAlO,, LiAICL,, LiN(C,F,,, SO, )(C,F,,,,SO,),
wherein x and y are natural numbers, e.g., an integer ranging
from 1 to 20, LiCl, Lil, and LiB(C,0,), (lithium bis(oxalato)
borate; LiBOB). The lithium salt may be used in a concen-
tration ranging from about 0.1 M to about 2.0 M. When the
lithium salt is included at the above concentration range, an
electrolyte may have excellent performance and lithium ion
mobility due to optimal electrolyte conductivity and viscos-
ity.

Another embodiment of the present disclosure provides a
rechargeable lithium battery including a positive electrode
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including a positive active material; a negative electrode
including a negative active material; and the aforementioned
electrolyte.

The positive electrode may include a positive current
collector and a positive active material layer on the positive
current collector, and the positive active material layer
includes a positive active material.

The positive active material may include lithiated inter-
calation compounds that reversibly intercalate and deinter-
calate lithium ions.

In an implementation, a composite oxide of a metal, e.g.,
cobalt, manganese, nickel, or a combination thereof, and
lithium may be used.

In an implementation, one having a coating layer on the
surface of the composite oxide may be used, or a mixture of
the composite oxide and a composite oxide having a coating
layer may be used. The coating layer may include a coating
element compound selected from an oxide of a coating
element, a hydroxide of a coating element, an oxyhydroxide
of a coating element, an oxycarbonate of a coating element,
and a hydroxy carbonate of a coating element. The com-
pound for the coating layer may be amorphous or crystalline.
The coating element included in the coating layer may
include, e.g., Mg, Al, Co, K, Na, Ca, Si, Ti, V, Sn, Ge, Ga,
B, As, Zr, or a mixture thereof. The coating layer may be
disposed in a method having no adverse influence on prop-
erties of a positive active material by using these elements
in the compound. In an implementation, the method may
include a suitable coating method (e.g., spray coating,
dipping, or the like).

The positive active material may be, e.g., a lithium
composite oxide represented by Chemical Formula 5.

LiM' M2 M0, [Chemical Formula 5]

In Chemical Formula 5,

0.5=x=1.8, O=y<l, 0=z<I, Osy+z<1, and M', M?, and M
may each independently be, e.g., Ni, Co, Mn, Al, Sr, Mg, or
La, and a combination thereof.

In an implementation, M' may be, e.g., Co, Mn, Al, Sr,
Mg, or La, and M? and M> may each independently be, e.g.,
Ni or Co.

In an implementation, M' may be Mn or Al, and M? and
M? may each independently be Ni or Co.

In an implementation, the positive electrode active mate-
rial may be a lithium composite oxide represented by at least
one of Chemical Formula 5-1 to Chemical Formula 5-3.

LiyyNiy, Co, Al 110, [Chemical Formula 5-1]

In Chemical Formula 5-1, 1=x1=1.2, O<yl<l, and
O<zl<l.

LipNi,Co,nMny 5,50, [Chemical Formula 5-2]

In Chemical Formula 5-2,
1=x2<1.2, O0<y2<1, and 0<z2<I.

Li3Co0, [Chemical Formula 5-3]

In Chemical Formula 5-3,

0.5<x3<l.

In an implementation, in Chemical Formula 5-1,
1=x1=1.2, 0.5=y1<1, and 0<z1<0.5.

In an implementation, in Chemical Formula 5-2,
1=x2=<1.2, 0.3=y2<1, and 0.3=<z2<1.

The positive active material may be included in an
amount of about 90 wt % to about 98 wt %, based on the
total weight of the positive active material layer.

In an implementation, the positive active material layer
may optionally include a conductive material and a binder.
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In an implementation, the binder may be included in an
amount of about 1 wt % to about 5 wt %, based on the total
weight of the positive active material layer.

The conductive material may be included in an amount of
about 1 wt % to about 5 wt %, based on the total weight of
the positive active material layer.

The conductive material may provide electrode conduc-
tivity. A suitable electrically conductive material may be
used as a conductive material unless it causes a chemical
change. Examples of the conductive material may include a
carbon material such as natural graphite, artificial graphite,
carbon black, acetylene black, Ketjen black, a carbon fiber,
or the like; a metal material of a metal powder or a metal
fiber including copper, nickel, aluminum, silver, or the like;
a conductive polymer such as a polyphenylene derivative; or
a mixture thereof.

The binder may help improve binding properties of posi-
tive active material particles with one another and with a
current collector. Examples thereof may include polyvinyl
alcohol, carboxylmethyl cellulose, hydroxypropyl cellulose,
diacetyl cellulose, polyvinylchloride, carboxylated polyvi-
nylchloride, polyvinylfluoride, an ethylene oxide-containing
polymer, polyvinylpyrrolidone, polyurethane, polytetrafluo-
roethylene, polyvinylidene fluoride, polyethylene, polypro-
pylene, a styrene-butadiene rubber, an acrylated styrene-
butadiene rubber, an epoxy resin, nylon, or the like.

The positive current collector may use, e.g., Al

The negative electrode includes a negative current col-
lector and a negative active material layer including a
negative active material and disposed on the negative cur-
rent collector.

The negative active material may include a material that
reversibly intercalates/deintercalates lithium ions, a lithium
metal, a lithium metal alloy, a material being capable of
doping/dedoping lithium, or transition metal oxide.

The material that reversibly intercalates/deintercalates
lithium ions may include a carbon material. The carbon
material may be a suitable carbon negative active material
for a rechargeable lithium battery. Examples thereof may
include crystalline carbon, amorphous carbon, or a mixture
thereof. The crystalline carbon may be non-shaped, or sheet,
flake, spherical, or fiber shaped natural graphite or artificial
graphite. The amorphous carbon may be a soft carbon, a
hard carbon, a mesophase pitch carbonization product, cal-
cined coke, or the like.

The lithium metal alloy may include an alloy of lithium
and, e.g., Na, K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Si, Sb, Pb, In,
Zn, Ba, Ra, Ge, Al, or Sn.

The material being capable of doping/dedoping lithium
may be Si, a Si—C composite, SiO, (0<x<2), a Si-Q alloy
(wherein Q is an alkali metal, an alkaline-earth metal, a
Group 13 element, a Group 14 element, a Group 15 element,
a Group 16 element, a transition metal, a rare earth element,
or a combination thereof, and not Si), Sn, SnO,, a Sn—R
alloy (wherein R is an alkali metal, an alkaline-earth metal,
a Group 13 element, a Group 14 element, a Group 15
element, a Group 16 element, a transition metal, a rare earth
element, or a combination thereof, and not Sn), and the like.
At least one of these materials may be mixed with SiO,.

The elements Q and R may be selected from Mg, Ca, Sr,
Ba, Ra, Sc, Y, Ti, Zr, Hf, Rf, V, Nb, Ta, Db, Cr, Mo, W, Sg,
Tc, Re, Bh, Fe, Pb, Ru, Os, Hs, Rh, Ir, Pd, Pt, Cu, Ag, Au,
Zn, Cd, B, Al, Ga, Sn, In, T1, Ge, P, As, Sb, Bi, S, Se, Te, Po,
and a combination thereof.

The transition metal oxide may include vanadium oxide,
lithium vanadium oxide, or lithium titanium oxide.
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In an implementation, the negative active material may be
a Si—C composite including a Si active material and a
carbon active material.

In the Si—C composite, an average particle diameter of
the Si active material may be about 50 nm to about 200 nm.

When the average particle diameter of the Si active
material is within the above range, volume expansion occur-
ring during charging and discharging may be suppressed,
and a break in a conductive path due to particle crushing
during charging and discharging may be prevented.

The Si active material may be included in an amount of
about 1 wt % to about 60 wt %, e.g., about 3 wt % to about
60 wt %, based on the total weight of the Si—C composite.

In an implementation, the negative active material may
further include crystalline carbon together with the afore-
mentioned Si—C composite.

When the negative active material includes a Si—C
composite and crystalline carbon together, the Si—C com-
posite and crystalline carbon may be included in the form of
a mixture, and in this case, the Si—C composite and
crystalline carbon may be included in a weight ratio of about
1:99 to about 50:50. In an implementation, the Si—C
composite and crystalline carbon may be included in a
weight ratio of about 5:95 to about 20:80.

The crystalline carbon may include graphite, e.g., natural
graphite, artificial graphite, or a mixture thereof.

The average particle diameter of the crystalline carbon
may be about 5 um to about 30 um.

In the present specification, the average particle diameter
may be a particle size (D50) at 50% by volume in a
cumulative size-distribution curve.

The Si—C composite may further include a shell sur-
rounding the surface of the Si—C composite, and the shell
may include amorphous carbon.

The amorphous carbon may include soft carbon, hard
carbon, a mesophase pitch carbonized product, calcined
coke, or a mixture thereof.

The amorphous carbon may be included in an amount of
about 1 to about 50 parts by weight, e.g., about 5 to about
50 parts by weight, or about 10 to about 50 parts by weight,
based on 100 parts by weight of the carbon active material.

In the negative active material layer, the negative active
material may be included in an amount of about 95 wt % to
about 99 wt %, based on the total weight of the negative
active material layer.

In an implementation, the negative active material layer
may include a binder, and optionally a conductive material.
In the negative active material layer, a content of the binder
may be about 1 wt % to about 5 wt %, based on the total
weight of the negative active material layer. When the
negative active material layer includes a conductive mate-
rial, the negative active material layer includes about 90 wt
% to about 98 wt % of the negative active material, about 1
wt % to about 5 wt % of the binder, and about 1 wt % to
about 5 wt % of the conductive material.

The binder may help improve binding properties of nega-
tive active material particles with one another and with a
current collector. The binder may include a non-water-
soluble binder, a water-soluble binder, or a combination
thereof.

The non-water-soluble binder may include polyvinylchlo-
ride, carboxylated polyvinylchloride, polyvinylfluoride,
polyurethane, polytetrafluoroethylene, polyvinylidene fluo-
ride, polyethylene, polypropylene, polyamideimide, polyim-
ide, or a combination thereof.

The water-soluble binder may be a rubber binder or a
polymer resin binder. The rubber binder may include a
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styrene-butadiene rubber, an acrylated styrene-butadiene
rubber (SBR), an acrylonitrile-butadiene rubber, an acrylic
rubber, a butyl rubber, a fluorine rubber, and a combination
thereof. The polymer resin binder may include polytet-
rafluoroethylene, ethylenepropylenecopolymer, polyethyl-
eneoxide, polyvinylpyrrolidone, polyepichlorohydrine,
polyphosphazene, polyacrylonitrile, polystyrene, an ethyl-
enepropylenediene copolymer, polyvinylpyridine, chloro-
sulfonated polyethylene, latex, a polyester resin, an acrylic
resin, a phenolic resin, an epoxy resin, polyvinyl alcohol, or
a combination thereof.

When the water-soluble binder is used as a negative
electrode binder, a cellulose compound may be further
included to provide viscosity as a thickener. The cellulose
compound may include, e.g., carboxymethyl cellulose,
hydroxypropylmethyl cellulose, methyl cellulose, or alkali
metal salts thereof. The alkali metals may include Na, K, or
Li. Such a thickener may be included in an amount of about
0.1 to about 3 parts by weight based on 100 parts by weight
of the negative active material.

The conductive material may provide electrode conduc-
tivity. A suitable electrically conductive material may be
used as a conductive material unless it causes a chemical
change. Examples of the conductive material may include a
carbon material such as natural graphite, artificial graphite,
carbon black, acetylene black, Ketjen black, a carbon fiber,
and the like; a metal material of a metal powder or a metal
fiber including copper, nickel, aluminum, silver, and the
like; a conductive polymer such as a polyphenylene deriva-
tive; or a mixture thereof.

The negative current collector may be selected from a
copper foil, a nickel foil, a stainless steel foil, a titanium foil,
a nickel foam, a copper foam, a polymer substrate coated
with a conductive metal, and a combination thereof.

The rechargeable lithium battery may further include a
separator between the negative electrode and the positive
electrode, depending on a type of the rechargeable lithium
battery. Such a separator may be a porous substrate; or a
composite porous substrate.

The porous substrate is a substrate including pores and
lithium ions may move through the pores. The porous
substrate may include, e.g., polyethylene, polypropylene,
polyvinylidene fluoride, and multi-layers thereof such as a
polyethylene/polypropylene double-layered separator, a
polyethylene/polypropylene/polyethylene triple-layered
separator, or a polypropylene/polyethylene/polypropylene
triple-layered separator.

The composite porous substrate may have a form includ-
ing a porous substrate and a functional layer on the porous
substrate. The functional layer may be, e.g., a heat-resistant
layer and an adhesive layer from the viewpoint of enabling
additional functions to be added. In an implementation, the
heat-resistant layer may include a heat-resistant resin and
optionally a filler.

In an implementation, the adhesive layer may include an
adhesive resin and optionally a filler.

The filler may be an organic filler or an inorganic filler.

Referring to FIG. 1, a rechargeable lithium battery 100
according to an embodiment may include a battery cell
including a negative electrode 112, a positive electrode 114
facing the negative electrode 112, a separator 113 between
the negative electrode 112 and the positive electrode 114,
and an electrolyte (not shown) impregnating the negative
electrode 112, the positive electrode 114, and the separator
113, a battery case 120 housing the battery cell, and a sealing
member 140 for sealing the battery case 120.
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The following Examples and Comparative Examples are
provided in order to highlight characteristics of one or more
embodiments, but it will be understood that the Examples
and Comparative Examples are not to be construed as
limiting the scope of the embodiments, nor are the Com-
parative Examples to be construed as being outside the
scope of the embodiments. Further, it will be understood that
the embodiments are not limited to the particular details
described in the Examples and Comparative Examples.

SYNTHESIS OF ADDITIVES

Synthesis Example 1: Compound of Chemical
Formula a-1

Reaction Scheme 1

O
P/ Cl

0N\

O
HO S , TEA
- =~ -

NN N Ny CHCl, 5°C, 81

O

§’¢O S O

07" N TN NN ;

O

_0.
P
)
(6]

After setting a temperature at —=5° C., bis(2-hydroxyethyl)
disulfide (6.8 g, 0.04 mol) and triethylamine (TEA, 8.9 g,
0.09 mol) were put in a 50 mL dried dichloromethane under
a nitrogen atmosphere. This mixed solution was slowly
added in a dropwise fashion to 100 mL of a dried dichlo-
romethane solution in which 2-chloro-2-oxo-1,3,2-dioxa-
phospholane (COP, 12.54 g, 0.088 mol) was dissolved. After
stirring the mixture for 8 hours, a salt produced therein was
filtered and removed, and a filtrate therefrom was dried.
Subsequently, 50 mL of toluene was added to the dried
mixture to obtain a white solid produced therein (12.9 g,
88%); '"H NMR (400 MHz, CDCl,): § 4.40 (m, 12H), 3.01
(m, 4H); >'P NMR: 3 17.98

a-1

Synthesis Example 2: Compound of Chemical
Formula a-2

Reaction Scheme 2
Cl
P
0N\

O
HO s \\/ . TEA
\/\S/ \/\OH R ——
CH,Cly, -5°C.,8 h
\
O/P\O/\/S\S/\/O\P/O
L)

0
a-2
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After setting a temperature at —-5° C., bis(2-hydroxyethyl)
disulfide (6.8 g, 0.04 mol) and triethylamine (8.9 g, 0.09
mol) were added to 50 mL of dried dichloromethane under
a nitrogen atmosphere. This mixed solution was slowly
added in a dropwise fashion to 100 mL of a dried dichlo-
romethane solution in which 2-chloro-1,3,2-dioxaphospho-
lane (11.1 g, 0.09 mol) was dissolved. After stirring the
mixture for 8 hours, a salt produced therein was filtered and
removed, and a filtrate therefrom was dried. Subsequently,
50 mL of diethyl ether was added to the dried mixture to
remove a salt produced therein, and a filtrate therefrom was
dried to obtain transparent oil. (10.7 g, 80%); "H NMR (400
MHz, CDCL,):  4.24 (m, 4H), 3.98 (m, 8H), 2.81 (m, 4H);
*'P NMR: § 137.11

Synthesis Example 3: Compound of Chemical
Formula b-1

A compound represented by Chemical Formula b-1 was
synthesized as described in Chinese Patent Reference
CN111217856.

0
o)
Il’é O fo)
o0~ \O/\/ ~Np—
)

O

b-1

Synthesis Example 4: Compound of Chemical
Formula b-2

A compound represented by Chemical Formula b-2 was
synthesized as described in [Heteroatom chemistry 2010, 21,

515-520].
b-2
(6]
|
O/ P\O /\/O\P /O
L
(6]
Manufacture of Rechargeable Lithium Battery Cell
Example 1

Positive active material slurry was prepared by using
LiNig o, Coq ,Aly 05 as a positive active material, poly-
vinylidene fluoride as a binder, and Ketjen black as a
conductive material in a weight ratio of 97:2:1 and dispers-
ing the resultant mixture in N-methyl pyrrolidone.

The positive active material slurry was coated on a 14
um-thick Al foil, dried at 110° C., and pressed to manufac-
ture a positive electrode.

A negative active material was prepared by mixing graph-
ite and an Si—C composite in a weight ratio of 93:7, and
then, the negative active material, a styrene-butadiene rub-
ber binder, and carboxylmethyl cellulose were mixed in a
weight ratio of 97:1:2 and then, dispersed in distilled water
to prepare negative active material slurry.

The Si—C composite had a core including artificial
graphite and silicon particles and coated with mesophase
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pitch carbonization product on the surface, wherein a con-
tent of the silicon was about 3 wt % based on the total weight
of the Si—C composite.
The negative active material slurry was coated on a 10
um-thick Cu foil, dried at 100° C., and pressed to manufac-
ture a negative electrode.
An electrode assembly was manufactured by assembling
the manufactured positive and negative electrodes, and a
separator made of polyethylene having a thickness of 25 um,
and an electrolyte was injected to prepare a rechargeable
lithium battery cell.
The electrolyte has a following composition.
(Electrolyte Composition)
Salt: LiPF4 1.5 M
Solvent: ethylene carbonate: ethylmethyl carbonate: dim-
ethyl carbonate (EC:EMC:DMC=a volume ratio of
20:10:70)

Additive: 1.0 wt % of the compound of Chemical Formula
a-1 according to Synthesis Example 1

(Herein, in the electrolyte composition, “wt %" is based
on the total weight of the electrolyte (a lithium salt+a
non-aqueous organic solvent+an additive))

Example 2

A rechargeable lithium battery cell was manufactured
according to the same method as Example 1 except that the
compound of Chemical Formula a-1 was used in an amount
of 2.0 wt %.

Example 3

A rechargeable lithium battery cell was manufactured
according to the same method as Example 1 except that the
compound of Chemical Formula a-1 was used in an amount
of 0.5 wt %.

Example 4

A rechargeable lithium battery cell was manufactured
according to the same method as Example 1 except that the
compound of Chemical Formula a-1 was used in an amount
of 0.4 wt %.

Example 5

A rechargeable lithium battery cell was manufactured
according to the same method as Example 1 except that the
compound of Chemical Formula a-2 according to Synthesis
Example 2 was used in an amount of 0.5 wt %.

Example 6

A rechargeable lithium battery cell was manufactured
according to the same method as Example 1 except that the
compound of Chemical Formula a-2 was used in an amount
of 1.0 wt %.

Example 7

A rechargeable lithium battery cell was manufactured
according to the same method as Example 1 except that the
compound of Chemical Formula a-2 was used in an amount
of 2.0 wt %.
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Comparative Example 1

A rechargeable lithium battery cell was manufactured
according to the same method as Example 1 except that an
electrolyte to which an additive was not added was used.

Comparative Example 2

A rechargeable lithium battery cell was manufactured
according to the same method as Example 1 except that the
compound of Chemical Formula b-1 according to Synthesis
Example 3 was used in an amount of 1.0 wt %.

Comparative Example 3

A rechargeable lithium battery cell was manufactured
according to the same method as Example 1 except that the
compound of Chemical Formula b-2 according to Synthesis
Example 4 was used in an amount of 1.0 wt %.
Evaluation 1: DSC Measurement

The electrolytes according to Example 2 and Comparative
Example 1 were analyzed in a differential scanning calo-
rimeter (DSC) method, and the results are shown in Table 1.

TABLE 1
Onset
temperature
<)
Comparative Example 1 210
Example 2 230

Referring to Table 1, an onset temperature of the electro-
lyte according to Example 2 was increased, compared with
an electrolyte according to Comparative Example 1. In other
words, when an electrolyte containing an additive according
to an embodiment of the present disclosure was used,
thermal characteristics were improved, and accordingly,
high temperature safety and reliability of a rechargeable
lithium battery are expected to be improved.

Evaluation 2: Measuring Operation Time of CID

The rechargeable lithium battery cells of Examples 1, 2,
and 4 and Comparative Example 1 were charged at a charge
and discharge rate of 0.5 C in a mode of 4.35 V CC/CV for
3 hours and then, left in a 90° C. chamber for 90 hours to
measure operation time of CID (Current Interrupt Device).

The CID (Current Interrupt Device) is a device detecting
a pressure change, that is, a pressure increase in the closed
and sealed device and cutting off a current by itself, when the
pressure exceeds a certain pressure.

The results are shown in FIG. 2.

FIG. 2 is a graph showing operation time of CID (Current
Interrupt Device) of the rechargeable lithium battery cells
according to Examples 1, 2 and 4 and Comparative Example
1.

The CID operation time was measured to evaluate storage
characteristics at a high temperature of the rechargeable
lithium battery cells.

Referring to FIG. 2, Comparative Example 1 exhibited a
sharp voltage drop before about 30 hour when stored at a
high temperature of 90° C., and the Examples including an
additive according to an embodiment of the present disclo-
sure exhibited a voltage drop after at least 80 hours, and thus
an effect of delaying an open circuit voltage (OCV) drop by
delaying decomposition of the electrolyte and thus suppress-
ing a resistance increase. In other words, gas generation in

10

15

20

25

30

35

40

45

50

55

60

65

20

the rechargeable lithium battery cells according to the
Examples was suppressed, even when stored at a high
temperature.

Evaluation 3: Evaluation of Internal Resistance Character-
istics when Left at High Temperature

The rechargeable lithium battery cells according to
Examples 1 to 3 and 5 to 7 and Comparative Examples 1 to
3 were left at 60° C. for 30 days in a state of charge (=100%,
SOC) to evaluate an internal resistance increase rate, when
stored at a high temperature of 60° C., and the results are
shown in Table 2 and FIG. 3.

Direct current-Internal Resistance (DC-IR) was measured
in the following method.

The cells according to Examples 1 to 3 and 5 to 7 and
Comparative Examples 1 to 3 were charged at 4 A and 4.2
V and cut off at 100 mA at room temperature of 25° C. and
then, paused for 30 minutes. Subsequently, the cells were
respectively discharged at 10 A for 10 seconds, at 1 A for 10
seconds, and at 10 A for 4 seconds and then, measured with
respect to a current and a voltage at 18 seconds and 23
seconds to calculate initial resistance (a difference between
resistance at the 18 seconds and resistance at the 23 seconds)
according to an equation of AR=AV/AIL

The cells were charged under a condition of 0.2 C and 4.2
V and left at 60° C. for 30 days to measure DC-IR, which
was used to calculate a resistance increase rate (ADC-IR)
before and after being left. Herein, the resistance increase
rate (%) is a percentage of DC-IR after being left for 30 days
relative to initial DC-IR.

TABLE 2

DC-IR

Initial (mQ)
DC-IR 60° C. ADC-
(mQ) @30 days IR (%)
Comparative Example 1 19.33 26.75 1384
Comparative Example 2 19.23 26.95 140.1
Comparative Example 3 19.35 27.01 139.6
Example 1 19.11 25.74 134.7
Example 2 19.61 26.67 136.0
Example 3 19.10 25.90 135.6
Example 5 19.23 26.21 136.3
Example 6 19.07 25.77 135.1
Example 7 19.55 26.71 136.6

FIG. 3 is a graph showing a resistance increase rate after
measuring DC-internal resistance after leaving the recharge-
able lithium battery cells according to Examples 1 and 6 and
Comparative Examples 2 and 3 at 60° C. for 30 days.

Referring to Table 2 and FIG. 3, resistance increase rates
of the rechargeable lithium battery cells of Examples 1 to 3
and 5 to 7 before and after being left at a high temperature
decreased, compared with those of the cells of Comparative
Examples 1 to 3. Accordingly, the secondary battery cells
according to Examples 1 to 3 and 5 to 7 exhibited improved
high temperature stability, compared with the cells accord-
ing to Comparative Examples 1 to 3.

By way of summation and review, an electrolyte may
include an organic solvent in which a lithium salt is dis-
solved, and such an electrolyte may determine stability and
performance of a rechargeable lithium battery.

LiPF (that is most commonly used as a lithium salt of an
electrolyte) may react with an organic solvent of an elec-
trolyte to promote depletion of a solvent and generate a large
amount of gas. When LiPF is decomposed, it generates LiF
and PF, which leads to electrolyte depletion in the battery,
resulting in degradation in high temperature performance
and poor safety.
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Accordingly, an electrolyte may have improved safety
without deteriorating performance even under high tempera-
ture conditions.

One or more embodiments may provide an additive with
improved thermal stability.

One or more embodiments may provide a rechargeable
lithium battery including the additive which has improved
high-temperature cycle-life characteristics and high-tem-
perature storage characteristics by improving high-tempera-
ture safety and high-temperature reliability, and reducing a
voltage drop and resistance increase rate during high-tem-
perature storage.

By applying an additive with improved thermal safety, a
rechargeable lithium battery having improved high tempera-
ture characteristics may be implemented by suppressing an
increase in internal resistance of the battery and suppressing
a voltage drop after being left at a high temperature.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are
to be interpreted in a generic and descriptive sense only and
not for purpose of limitation. In some instances, as would be
apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, char-
acteristics, and/or elements described in connection with
other embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made
without departing from the spirit and scope of the present
invention as set forth in the following claims.

What is claimed is:

1. An electrolyte for a rechargeable lithium battery, the
electrolyte comprising:

a non-aqueous organic solvent,

a lithium salt, and

an additive represented by Chemical Formula 1 or Chemi-

cal Formula 2:

[Chemical Formula 1]

Rl—o_ 9 0—R’
NV . S
/P—O L'—§—s—L —O—P\
R?—0O o// O0—R*
[Chemical Formula 2]
R*—0O, O0—R’
N . N
/P—O—L —$—sS—L —O—P\
R6—O O—RS

wherein, in Chemical Formula 1 and Chemical Formula 2,

R! to R® are each independently an unsubstituted C1 to
C10 alkyl group, an unsubstituted C2 to C10 alkenyl
group, an unsubstituted C3 to C10 cycloalkyl group, an
unsubstituted C3 to C10 cycloalkenyl group, an unsub-
stituted C2 to C10 alkynyl group, an unsubstituted C3
to C10 cycloalkynyl group, or an unsubstituted C6 to
C20 aryl group,

R! to R® are separately present, or at least one pair of R*
and R*; R? and R*; R® and R%; and R” and R® are linked
to each other to provide an unsubstituted monocyclic
aliphatic heterocycle, an unsubstituted polycyclic ali-
phatic heterocycle, an unsubstituted monocyclic aro-
matic heterocycle, or an unsubstituted polycyclic aro-
matic heterocycle, and

22
L' to L* are each independently an unsubstituted C1 to
C20 alkylene group.
2. The electrolyte as claimed in claim 1, wherein:
the additive is represented by Chemical Formula 1,
5 Chemical Formula 1 is represented by Chemical Formula
1A or Chemical Formula 1B:

[Chemical Formula 1A]
10

15

20

in Chemical Formula 1A,

R'! to R*° are each independently hydrogen, a halogen, or
an unsubstituted C1 to C10 alkyl group,

nl to n4 are each independently an integer of 0 to 4, and

L' and L? are each independently an unsubstituted C1 to
C20 alkylene group;

25

10 [Chemical Formula 1B]

NS

R} P—O—L!'-§—Ss—12-
o

0,
/ '\
0—P, R3?
VAYS
35

in Chemical Formula 1B,

R>! and R*? are each independently an unsubstituted C2
to C10 alkylene group, and

L' and L? are each independently an unsubstituted C1 to
C20 alkylene group.

3. The electrolyte as claimed in claim 2, wherein:

the additive is represented by Chemical Formula 1B,

Chemical Formula 1B is represented by Chemical For-
mula 1B-I or Chemical Formula 1B-II:

40

45

[Chemical Formula 1B-I]

RIOS

102 106
so R o 0 0 R

O// \O RI108

[Chemical Formula 1B-II]

—Ll—8§—8—1?—0 RIO7

R4 (6]
55 RIS
RII6
RI7
RIS
RI20p119

RllO R109

R o 0 0

\V4
R!2 P—O0—L!'—8§—S—1?—0—P
R113 fo] /
60
R114

in Chemical Formula 1B-I and Chemical Formula 1B-II,

R'°! to R*?° are each independently hydrogen, a halogen,
or an unsubstituted C1 to C10 alkyl group, and

L' and L? are each independently an unsubstituted C1 to
C20 alkylene group.

65
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4. The electrolyte as claimed in claim 1, wherein:

the additive is represented by Chemical Formula 2,

Chemical Formula 2 is represented by Chemical Formula
2A or Chemical Formula 2B:

[Chemical Formula 2A]

R R37 R4S R4S
R3S RY
@]
5 n7
R® 1234 / R4 R¥
P—O0—L1*—S—S—I1*—0—7P
R R¥ / \R“8 R®
¢ néo OnS )

R# R

RH R¥ RS0 RS!

in Chemical Formula 2A,

R3? to R>? are each independently hydrogen, a halogen, or
an unsubstituted C1 to C10 alkyl group,

n5 to n8 are each independently an integer of 0 to 4, and

L? and L* are each independently an unsubstituted C1 to
C20 alkylene group;

[Chemical Formula 2B]

0, 0,
/ AN
R> \P—O—L3—S—S—L4—O—P/ R*
Ny Ny

in Chemical Formula 2B,

R>* and R** are each independently an unsubstituted C2
to C10 alkylene group, and

L? and L* are each independently an unsubstituted C1 to
C20 alkylene group.

5. The electrolyte as claimed in claim 4, wherein:

the additive is represented by Chemical Formula 2B,

Chemical Formula 2B is represented by Chemical For-
mula 2B-I or Chemical Formula 2B-II:

[Chemical Formula 2B-I]

RlZl RIZS
R122 R126
0, 0
RI123 P—O0—I1°—S—8—14—0—FP RI127
R124 @] (@] R128
[Chemical Formula 2B-1I]
R130 R129 R135
R o) o RI3
R!32 P—O0—L3—§—S§—L*—0—FP RI¥
R133 fo] o) R138
R134 R140 R139

wherein, in Chemical Formula 2B-I and Chemical For-
mula 2B-II,

R*?! to R'*° are each independently hydrogen, a halogen,
or an unsubstituted C1 to C10 alkyl group, and
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L? and L* are each independently an unsubstituted C1 to
C20 alkylene group.
6. The electrolyte as claimed in claim 1, wherein:
the additive is represented by Chemical Formula 1B-I-1
or Chemical Formula 2B-I-1:

[Chemical Formula 1B-I-1]

R10S
Rlol 141 142 14575 146 0 R106
R o R* R R*R \\/O
\ S O—P R107
R103 P—O g \O
/ RI43R 144 RI4TRI48 R
Rlio4
[Chemical Formula 2B-I-1]
RI2S e
a2 b RMO RIS RIS RISH oL
/
S O—p RI27
Ri2 P—0O g \O
128
R 0 RIst R1%2 RISS RIS6 R

in Chemical Formula 1B-I-1 and Chemical Formula 2B-I-
1, R*! to R'°® R'?! to R*?®, and R'*! to R**® are each
independently hydrogen, a halogen, or an unsubstituted
C1 to C10 alkyl group.

7. The electrolyte as claimed in claim 1, wherein the
additive is included in an amount of about 0.1 wt % to about
10 wt %, based on a total weight of the electrolyte for a
rechargeable lithium battery.

8. A rechargeable lithium battery, comprising:

a positive electrode including a positive active material;

a negative electrode including a negative active material;

and

the electrolyte as claimed in claim 1.

9. The rechargeable lithium battery as claimed in claim 8,
wherein:

the positive active material is represented by Chemical

Formula 5:

LiM', M’ M0, [Chemical Formula 5]

in Chemical Formula 5,
0.5=x=<1.8, O=y=l, O<z<l, Osy+z<l, and M', M?, and M
are each independently Ni, Co, Mn, Al, Sr, Mg, La, or
a combination thereof.
10. The rechargeable lithium battery as claimed in claim
8, wherein:
the positive active material is a lithium composite oxide
represented by Chemical Formula 5-1, Chemical For-
mula 5-2, or Chemical Formula 5-3:
Li;Ni,,;CO Al 1,05 [Chemical Formula 5-1]
in Chemical Formula 5-1, 1=x1=<1.2, O<yl<l, and
O<zl<1,
LipNi,Co,nMny 5,50, [Chemical Formula 5-2]
in Chemical Formula 5-2, 1=x2<1.2, 0O<y2<l, and
0<z2<1,

Li3Co0, [Chemical Formula 5-3]
in Chemical Formula 5-3, 0.5<x3<1.

#* #* #* #* #*



